We estimate the collective effects in the pp-collisions at the LHC, namely, we discuss the upper bound for the anisotropic flows and the possibility of their experimental measurements considering elliptic flow v 2 as an example. We associate dynamics of these collective effects with the rotation of the transient state of matter. This rotation is related to a presence of the orbital angular momentum in the initial state.
Introduction
It has appeared recently that interactions of the protons have strong similarity with interactions of the nuclei. It was demonstrated the presence of the collective effects in the both cases. We would like to specify this point now. The ridge-like structure in correlation function of the two particles has been observed for the first time at RHIC in the peripheral collisions of nuclei in the near-side jet production (cf. recent paper [1] and references therein for the earlier ones). It was observed that the two-particle correlations of the produced particles have a narrow distribution over ∆φ (where φ is a relative azimuthal angle of the transverse momenta of the two particles) but wide distribution over ∆η (where η is a pseudorapidity of the detected particle). This phenomenon called a ridge effect associated with the collective properties of a medium produced under interaction of the nuclei. Similar effect has been revealed by the CMS Collaboration [2] in pp-collisions also and it becomes evident that a deconfined phase formation has similarity in pp-and AAcollisions. The ridge has also been found in PbPb-collisions by ALICE, ATLAS and CMS [3, 4, 5] at the LHC. We would like to emphasize here that peripheral collision dynamics 1 is due to the experimental conditions in AA-collisions and the reflective scattering mode [6] at the LHC energies in pp-collisions. Of course, one should expect a significant quantitative difference between pp-and AA-collisions and the signal of ridge should be more prominent in AA-interactions. It was confirmed experimentally. The experimental results of RHIC and LHC on the presence of ridge in the two-particle correlation functions have demonstrated that the hadronic matter in the deconfined state is strongly correlated and reveals high degrees of coherence. The similarities of the proton-proton collisions with the nuclear collisions has been discussed for a long time ( cf. [7] ). The source of these similarities can be in the multiparton interactions as it was proposed recently [8] .
To probe experimentally the collective effects, one might use the anisotropic flows. At the beginning we obtain an upper bound for the anisotropic flows which is based on the rational form of unitarization. The observation of the ridge in pp-collisions has a decisive value for the reaction plane determination and would lead to the possibility of the experimental measurements of the anisotropic flows in this reaction. It is discussed in the second part of the note. 1 It implies the presence of the orbital angular momentum.
Upper bound for the anisotropic flows in the ppcollisions
The crucial input for the derivation of the upper bounds for the anisotropic flows is an appearance of the reflective scattering mode at the LHC energies. Due to the reflective scattering the inelastic overlap function h inel (s, b),
has a peripheral impact parameter dependence in the region of √ s > 2 TeV [6] .
This peripheral dependence of h inel (s, b) (with a peak at b = R(s)) at asymptotically high energies results in the following approximate relation valid in the limit
In Eq. (1) The relation Eq. (1) attributes the main role to the collision geometry and is applicable for the observables associated with the particle production processes at high energies where the reflective scattering is a dominating mode. The energy evolution from the central to the peripheral profile of the inelastic overlap function illustrates this point (Fig.1 ). In particular, Eq. (1) can be used for the mean multiplicity, average transverse momentum, anisotropic flows v n and multiplicity distribution P n (s) starting with the LHC energies. In general, the relative range of the variations of the impact parameter in the multiparticle production processes decreases with energy and the most typical inelastic event at very high energy is the event with the non-zero value of the impact parameter in the region in the vicinity of b = R(s). The inelastic events at small and large impact parameter values are suppressed at high energies.
After mentioning these prerequisites we consider a bound for the anisotropic flows. There are several experimental probes of collective dynamics. A most widely discussed ones are the anisotropic flows which are determined by the equation which is the n-th Fourier moment of the azimuthal momentum distribution of the particles with a fixed value of p T . The angle φ is the azimuthal angle of the detected particle transverse momentum with respect to the reaction plane, i.e. the plane spanned by the collision axis z and the impact parameter vector b. Averaging is taken over large number of the inelastic events. By definition, the absolute value of v n (p T ) cannot exceed unity. It is a trivial upper bound. We will show in what follows that this bound can be reduced by factor of 4 due to account of unitarity for the inclusive cross-section. The inclusive cross-section for unpolarized particles being integrated over impact parameter b, does not depend on the azimuthal angle of the detected particle transverse momentum. It can be written with account for s-channel unitarity in the following form dσ dξ = 8π
Eq. (3) has been obtained in the U-matrix approach to unitarity when the elastic scattering S-matrix element is written in the rational form in the impact parameter representation:
where U(s, b) is the generalized reaction matrix element, corresponding to the elastic 2 → 2 scattering. It is considered to be an input dynamical quantity similar to the respective eikonal function. Since we consider the case of the pure imaginary scattering amplitude, the function U should be pure imaginary too, i.e. the replacement U → iU has to be performed. The function I(s, b, ξ) is an analog of the function U(s, b) for reactions with particle production(cf. [10] and references therein) and ξ is the set of the kinematical variables ascribing the state of the final detected particle.
The absolute value and direction of the vector b is the main issue under the determination of the anisotropic flows in pp-collisions. This vector can be controlled experimentally in the heavy ion collisions, but the situation, in general, is not explicitely good in proton collisions. However, when we are approaching the high energy limit the magnitude b = |b| tends to be fixed, cf. Eq. (1)
The function I 0 (s, b, ξ) satisfies to the following sum rule
where n (s, b) is the mean multiplicity produced in collision with the impact parameter b. Therefore, the bare anisotropic flowv n (s, b, y, p T ) is related to the measured anisotropic flow v n as follows
where the function w(s, b) is
The variable y denotes rapidity, i.e. y = sinh −1 (p/m), where p is a longitudinal momentum of the particle.
According to Eq.
(1), we should fix impact parameter value at b = R(s) in the high energy limit. Since 2 w(s, b)| b=R(s) = 1/4 and
we will obtain v n (p T ) ≤ 1/4, valid in the high energy limit. This relation provides information on the possible values of the anisotropic flows in proton collisions. The natural question is on possibility to check the above bound experimentally, i.e. is it possible to measure v n in the experiments with high energy proton beams. We address this question considering for an example the case of the elliptic flow v 2 . It is closely related to the possibility of the reaction plane fixing in the particular inelastic event. Such possibility, discussed in the next section, could have, in fact, a model origin, based on the model explanation of the ridge effect in pp-collisions.
Ridge and possibility to measure anisotropic flows at the LHC with proton beams
Elliptic flow v 2 can be expressed in a covariant form in terms of the impact parameter and transverse momentum vectors' correlations as follows
whereb ≡ b/b. It is helpful to recollect what is known on this observable from nuclear collisions experiments. The differential elliptic flow v 2 (p T ) increases with p T at small values of transverse momenta, then it becomes flatten in the region of the intermediate transverse momenta and decreases at large p T . The integrated elliptic flow v 2 at high energies is positive and increases with √ s N N .
The production mechanism leading to appearance of ridge and proposed in [13] will be further used. This mechanism is based on the geometry of the overlap region in proton collisions and dynamical properties of the produced transient state 3 . This picture assumes deconfinement at the initial stage of interaction. The geometrical picture of hadron collision at non-zero impact parameters implies [10] that the generated massive virtual quarks in the overlap region could obtain a large initial orbital angular momentum at high energies. Due to presence of the strong interaction between the quarks this orbital angular momentum would lead to a coherent rotation of the quark system located in the overlap region. Such a rotation selects the reaction plane spanned over vectors b and the initial particle momentum. It is similar to the rotation of the liquid where strong correlations between particles momenta exist and make their momenta to be coplanar. Therefore, the non-zero orbital angular momentum would be realized as a coherent rotation of the quark-pion liquid as a whole. Then transient state of matter appears as a rotating medium of massive quarks and pions. Finally, their hadronization forms multiparticle colorless state. The essential point which is needed for the existence of the deconfined matter rotation is a non-zero impact parameter in the collision.
The particle production mechanism at moderate transverse momenta assumes an excitation of the parts of the rotating transient state by the valence constituent quarks. According to Eq. (1), the excited parts are located closely to periphery of the rotating transient state. This is correlated with the fact that absorption would not allow quarks and pions to leave the inner part of the interaction region (quenching).
It can also be supposed that the constituent quark number scaling [11] observed in heavy-ion collisions at intermediate values of p T and reflecting quark coalescence under the hadronization is to be valid in the proton's collisions too, i.e. the following relation takes place
where n Q stands for the number of valence quarks in the final hadron and v [12] ) and is closely related to the mechanism of hadron formation in the final state.
As it was noted earlier, the peripherality of the pp inelastic interactions is controlled dynamically by the reflective scattering mode. This mode is prominent at the LHC energies [6, 15] . Thus, the ridge and double-ridge structure observed by CMS, ALICE and ATLAS can serve as an experimental manifestation of the coherent rotation of the transient state of matter generated during the hadron collisions. The narrowness of the two-particle correlation distribution over the azimuthal angle is the distinctive feature of the mechanism.
The close relation of ridge effect with the above mentioned presence of the rotation plane in every particular event of pp-collision can be used for the experimental measurements of the elliptic flow v 2 in proton-proton collisions. The rotation plane in this mechanism coincides with the reaction plane. Thus, one can determine the normal to this plane as the unit vector
Since vectorsn andb are orthogonal, one can rewrite the elliptic flow in the form
The experimentally measurable only quantities enter Eq. (9). This relation provides, therefore, a clue to the possible experimental measurements of the elliptic flow in proton-proton collisions as the three-particles momenta correlations.
Other anisotropic flows can be expressed in a similar way. This consideration has a shortcoming, it is based on the model explanation of the ridge effect in pp-collisions. However, it allows also to get hints on the values of v 2 (p T ). Indeed, the supposed rotation of transient matter acts as a mechanism leading to a coplanarity of the produced particle momenta. This approximate coplanarity means that the scalar productn · p T should be small. Therefore, from Eq. (9) one can obtain that the values of v 2 (p T ) are positive in the high-energy pp-collisions. Together with the upper bound for the flows, one can get hints on the size of the elliptic flow at the LHC.
Conclusion
Since the rotating matter involves the electrically charged constituent quarks, one can expect that the photons would be produced by the relativistic synchrotron radiation mechanism and will have similar values of the anisotropic flows as the respective flows of the secondary hadrons. We think that the rotation of the charged quasiparticles being a straightforward mechanism of the large elliptic flow of the direct photons. The use of the relativistic synchrotron radiation to explain direct photon's elliptic flow at RHIC was suggested in [16] . As a dynamical reason for such radiation it was proposed to consider confinement phenomena.
To conclude, we would like to note that the ridge effect is expected to increase with energy and therefore should become more prominent at √ s = 14
TeV and high luminosity reached in pp-collisions. This is due to the growing peripherality of the inelastic collisions with energy. Therefore, future upgrade of the LHC would provide better possibilities for studying the collective effects in pp-collisions and would make feasible the experimental measurements of the anisotropic flows in pp-collisions paving the road to further understanding of the hadron interactions' dynamics.
